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The Japan Manufacturers’ Society of Compound Semiconductor Materials (JAMS-CS) performed etch pit 
density (EPD) round robin evaluations of undoped semi-insulating CaAs substrates for three years from 1986 
to 1988 [I]. More than ten years have passed since then, and with applications for semiconductor lasers es- 
calating, the market for low dislocation density substrate is increasing rapidly. EPD measurements for low dis- 
location density substrates are obviously different from that of a conventional semi-insulating CaAs substrate 
with EPD around 1 .O x 1 O4 cmM2 
F or this reason, JAMS-CS de- cided to compare EPD data for low dislocation density 
substrates of its member compa- 
nies using a round robin format.To 
the best of our knowledge, this is 
the first report describing a round 
robin evaluation of commercially 
available III-V compound semicon- 
ductor substrates with low disloca- 
tion density. 
Evaluation of EPD 
The study used 2-inch diameter 
GaAs and InP substrates with aver- 
age EPDs of less than 2000 cmw2. 
With regard to GaAs, four companies 
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Figure 1. A total of 69 EPD measurement 
areas, each 5 mm x 5 mm, were examined 
on each wafer: 
supplied six substrates in total. Every 
wafer was evaluated by each compa- 
ny to give a round robin analysis. For 
It-@ three companies supplied four 
substrates and four companies evalu- 
ated all of them. Each substrate was 
pit-etched by the company who sup- 
plied it. 
represented used it for Inl? The 
Figure 1 shows the 69 areas on 
the wafer where the EPD was mea- 
sured. The No.1 area is the left 
edge of the top row, while the No. 
69 area is the right edge of the bot- 
tom row. Two of four companies 
who evaluated GaAs substrates 
used automatic measuring equip- 
ment, while one of four companies 
evaluation conditions were differ- 
ent at each company. Most compa- 
nies chose a 1 mm x 1 mm square 
as a view area. 
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Figure 2 shows typical pho- 
tographs of GaAs wafers (GaAs-1 
and GaAs-5) after pit-etching. The 
dislocation pits are uniformly dis- 
tributed on the surface of GaAs-1, 
but not on GaAs-5. Figure 3 shows 
micrographs of the central area of 
each substrate, (scale: x 150) 
which shows that the pit size is dif- 
ferent between GaAs-1 and GaAs-5. 
Indeed, the pit size was different 
for all the substrates. The biggest 
one was 150 urn and the smallest 
L 
Figure 2. Photographs of two of the GaAs substrates, already pit-etched: (left) GaAs-1; (right) 
GaAs-5. 
32 
Ill-Vs Review *Vol.12 No. 6 1999 0961-l 290/99/$ - see front matter 0 1999 
Elsevier Science Ltd. All rights reserved. 
Figure 3. Micrographs of etch pit on two of the Gafk substrates (scale: x 750): (left) GaAs-7; 
(right) GaAs-5. 
Figure 4. Photographs of two of the InP substrates, already pit-etched: (left) InP-1; (right) InP-2. 
Figure 5. Micrographs of etch pit on two of the InP substrates (scale: x150): (left) INP-1; (right) 
lnP-2, 
Figure 4 shows photographs ‘of 
two of the InP substmtes, while 
Figure 5 shows micrographs of 
them. Like C&As, it was found that 
the pit distribution and pit size were 
different for each substrate. 
Results and discussion 
Table 1 shows the round robin eval- 
uation results for the GaAs sub- 
strates. The EPD data in the table 
represent average values from the 
69 areas. Company A and B used 
automatic measuring equipment, 
while the other two companies 
counted EPD manually The statisti- 
cal fluctuating factor among com- 
panies, o/X, is less than 15% for 
GaAs-1 to GaAs-4 with EPD data 
between 500 cmd2 and 2000 cmm2. 
Table 1 shows that the EPD mea- 
surement results are in good agree- 
ment among all companies. 
Figure 6a shows the EPD map- 
ping data of GaAs-1. The position 
(Ll,R3) relates to the No. 1 area on 
the wafer as highlighted in Figure 
I, while position (L9,R7) is area 
No. 69. These data show that the 
mapping profiles produced by 
each company are similar, with no 
significant differences among 
them. 
Company A and B used auto- 
matic measuring equipment. As 
Table 1 shows, their measurement 
results are higher than the others 
which were counted manually, in- 
dicating that the threshold for dis- 
cerning pits varies among the 
companies. 
The EPD level of GaAs-5 is very 
low at less than 100 cmm2. As 
Figure 6b shows, however, there is 
a difference in the mapping data 
among the different measurement 
areas. This is likely to be because 
some pits are localized as shown in 
Figure 2. 
Table 2 shows the results for 
the EPD round robin evaluation 
of the InP substrates. Company 
B used automatic measuring 
equipment, while the other three 
companies counted the EPD man- 
ually. The measurement results for 
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Table 1. Results of the EPD round robin evaluation of GaAs substrates (average of 69 areas) 
r 
EPD data (cme2) 
Company 
A” B” C D average 
GaAs- 1 1813 1900 1413 1464 1647 
GaAs-2 735 714 604 549 651 
GaAs-3 1574 1433 1259 1119 1326 
GaAs-4 616 664 551 474 576 
GaAs-5 99 36 54 45 58 
GaAs-6 29 6X 38 32 42 
* EPD measured with automatic equipment. 
a 
(a) GaAs-I 
b 
(b) GaAs-5 
Figure 6. Round robin measurements from four companies giving EPD data on two of the 
GaAs substrates: (a) GaAs-1; (b) GaAs-5. 
InP-1 and InP-2 are very similar, 
except for those of company G. 
This could be due to a difference 
in the threshold used for discern- 
ing pits, as well as a difference 
between the automatic measure- 
ment and manual counting 
procedures. 
Figure 7a shows the EPD map- 
ping data of InP-1. The data from 
each of the companies is similar 
and there is no significant differ- 
ence between manual counting 
and automatic measuring, nor be- 
tween the data of the respective 
manual counting operations. 
InP-2 shows non-uniform distri- 
bution of dislocation pits in Figure 
4 and this is seen in a difference of 
mapping data among companies 
(Figure 7b). It can be seen that 
there is a distinct difference in 
measurement results among com- 
panies, in both GaAs substrate and 
InP substrates, when the pits are 
not evenly distributed on the sur- 
face of substrate. 
A further investigation was 
performed to determine if EPD 
measurement results are influ- 
enced by the roughness of the 
pit-etched surface. Surface rough- 
ness was investigated with a 
ZYGO laser interferometric micro- 
scope. Figure 8 shows the relation 
between the surface roughness 
and the pit size for both GaAs and 
InP substrates. It shows that the 
surface becomes rough when the 
pit size is bigger because of heav- 
ier etching. 
All measurement results on 
GaAs-3, which had the roughest 
surface, are similar regardless of 
automatic measuring or manual 
counting, demonstrating that 
there is no particular influence of 
surface roughness on EPD mea- 
surement.The reason why the sur- 
face roughness does not influence 
EPD measurement is the fact that 
the surface roughness of the GaAs 
substrate is l/1000 of pit size, 
while that of the InP substrate is 
l/10 000. Indeed, the dislocation 
pits are easily discernible in 
Figures 3 and 5. 
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Summary Table 2. Results of EPD round robin evaiuation of InP substrate (average of 69 areas) 
JAMS-CS performed EPD round 
robin evaluation of 2-inch diameter 
GaAs and InP substrates with EPD 
levels less than 2000 cmm2. EPD 
measurements were taken at 69 ar- 
eas on the whole surface of sub- 
strate, with each area being 5 mm 
x 5 mm in size. 
The EPD measurements of each 
company are very similar. The sta- 
EPD data (cmm2) 
Company 
B&a E F G average 
InP-1 923 890 877 
Inp-2 94 109 109 
W-3 10 30 10 
InP-4 87 193 121 
* EPD measured with automatic equipment. 
464 789 
169 120 
14 14 
189 147 
tistical fluctuating factor among GaAs substrates with EPD levels 
the companies is less than 15% for between 500 and 2000 cmsz. 
a 
(a) InP-I 
b 
(b) W-2 
Figure 7. Round robin measurements from four companies giving EPD data on two of the 
InP substrates: (a) InP-1; (b) InP-2. 
We also investigated whether sur- 
face roughness influences EPD mea- 
surements.As the pit size was 1000 
times as big as the roughness level, 
there was no influence of the rough- 
ness on the EPD measurement. 
In summary, we have conduct- 
ed the first round robin evaluation 
of commercially available Ga.As 
substrate and InP substrate with 
low dislocation density and have 
demonstrated that the results are 
in good agreement among JAMS-CS 
member companies. 
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Participants 
The nine Japanese manufacturers 
who participated in the present 
round robin measurement are as 
follows. Inquiries can be addressed 
to the following: 
T. Inoue, Sumitomo Electric 
Industries Ltd; tel: -@l-3-3423-5300; 
fax: +Sl-3-3423-5302; e-mail: 
inoue-tetsuya@sei.co.jp 
M. Matsui, Sumitomo Metal Mining 
CO, Ltd; tel: -@l-42&31-2130; 
fax: +81-428-31-l 196; e-mail: 
Masayoshi-Matsui@el.smm.co.jp 
R. Nakamura, Dowa Mining Co, 
Ltd; tel: +81-188-46-8000; fax: 
+81-188-47-1365; e-mail: naka- 
murr@dowa.co.jp 
Ill-Vs Review *Vol.12 No. 6 1999 
36 
EPD Testing 
InP substrate 
GaAs substrate 
Samole No. 
Figure 8. The relationship between etch pit size and surface roughness for (left) InP and (right) GaAs samples. 
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